A strain of adenovirus (AV) was isolated from the stools of a child with acute gastroenteritis. This virus (strain 208) was specifically neutralized by antiserum to AVI9, a species belonging to subgenus D and previously reported to cause keratoconjunctivitis. However, restriction analysis of strain 208 showed it to be distinct from AV19 and the other 40 human AV serotypes presently known. When calculated from 18 restriction patterns, the proportion of comigrating fragments common to AV19 and strain 208 was only 57~o. This percentage was no higher than that obtained by comparison of strain 208 and AV9, a randomly chosen type from subgenus D. Strain 208 therefore appeared to represent a new genome type. The restriction maps of the three viruses for BamHI, ClaI, EcoRI, HindlII, MluI, NdeI and Sill endonucleases are presented.
INTRODUCTION
Among the 41 human adenovirus (AV) species presently known, 23 belong to subgenus D: types 8, 9, 10, 13, 15, 17, 19, 20, 22, 23 to 30, 32, 33 and 36 to 39. They are non-oncogenic and are capable of complete agglutination of rat cells. These viruses, especially type 19, have been described as causal agents of ophthalmic diseases, such as keratoconjunctivitis (Dawson et al., 1970; Desmyter et al., 1974; Hierholzer et al., 1974; Guyer et al., 1975; Darougar et al., 1977; Wadell & de Jong, 1980; de Jong et al., 1981 ; Keenlyside et al., 1983; Kemp et al., 1983) . Their genomes contain about 58% GC and the homology between the DNAs of the subgenus D AVs is o/ 94 to 99/o. The agarose gel electrophoresis restriction patterns of the 41 AV species have recently been determined with five restriction endonucleases . Several restriction bands were encountered in almost all the members of subgenus D, with the exception of type 8 which lacked typical bands when analysed with at least two restriction enzymes. However, AV8 is the only member of subgenus D for which restriction mapping has been done (Takacs et al., 1983) . Here we present BamHI, ClaI, EcoRI, HindIII, MluI, NdeI and SfiI restriction maps of three other AV genome types belonging to subgenus D : AV9 and AV l 9 and a strain associated with gastroenteritis which was neutralized by antiserum to AV19.
In previous work, we extracted a number of AVs from the stools of children with gastroenteritis. A majority of these AVs have been typed by restriction analysis of their DNAs after agarose gel electrophoresis (Niel et al., 1986) . One of these viruses, strain 208, extracted from stools collected in 1983 from a 2-year-old child who was under treatment for acute gastroenteritis in the city of Rio de Janeiro (Brazil), gave amounts of DNA as large as 50 ng/g of stool and the DNA of this strain presented uncommon restriction patterns. Taken together, BamHI, HindlII and Sinai restriction patterns of strain 208 DNA were distinct from those of the 41 human AV species. We therefore decided to characterize this AV strain further.
The virus was produced in large amounts by cultivation in the 293 cell line and purified. In order to determine its subgenus and its serotype, it was submitted to haemagglutination and 0000-7723 © 1987 SGM subgenus E (not shown). Within subgenus D, AV19 was chosen considering the results of the seroneutralization tests and AV9 was taken randomly as another representative. Among the serotypes tested, the polypeptide pattern of AV19 was the most similar but not identical to that of strain 208. The polypeptide II (hexon) from strain 208 appeared a little smaller than that from AV19.
DNAs from AV9 and AVI9 (strains Hicks and 587 respectively) and from strain 208 were prepared from purified virions and digested by a number of restriction endonucleases which were chosen on account of their narrow specificity. Their recognition sequences consisted of six base pairs (eight for SfiI) and the number of sites on AV DNA was therefore expected to be limited. Fig. 1 shows the restriction patterns of the three viruses with 18 restriction enzymes. All the restriction fragments larger than 700 base pairs on the agarose gels were clearly visible. The total number of visible fragments was 117 for AV9, 123 for AV19 and 112 for strain 208. The restriction patterns of the three viruses showed some similarities. The proportions of comigrating fragments in pairwise comparisons were calculated to estimate the degree of similarity between two genomes. AV9 and AV19 had 74 (62~o) comigrating fragments. The percentages of comigrating fragments were 60% between AV9 and strain 208 and 57% between AV19 and strain 208. Fig. 2 shows the restriction maps of the three viruses for BamHI, ClaI, EcoRI, HindlII, MluI, NdeI and SfiI. For restriction mapping, the sizes of restriction fragments were determined by comparing their migration with EcoRI-and HindIII-digested AV2 DNA. The orientation of the restriction maps with respect to the conventional orientation of the AV physical maps was established by hybridization of Southern blots (Southern, 1975) of restriction enzyme digests with radioactively labelled recombinant plasmids carrying DNA fragments of the wellcharacterized AV2. The plasmids used were pVM214 containing the 0 to 7.8 map units (m.u.) region (Leite et al., 1986) , pVM562 carrying the 0 to 29 m.u. region and pVM521 with the 29 to 59 m.u. region ofAV2 (D'Halluin et al., 1984) . The location of cleavage sites was determined by double digestions with combinations of several different endonucleases. A large number of restriction sites were observed to be common to either two or all three of the genomes. Notably,
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all the cleavage sites situated in the left-hand end of the genome up to 20.4 m.u. were common to the three viruses but the majority of sites in the right-hand quarter of the genome were not.
The human adenoviruses belonging to subgenus D have not been those most frequently implicated as infectious agents. However, AV8, AV19 and AV37 have been implicated as causal agents of keratoconjunctivitis. Although strain 208 was specifically neutralized by antiserum to AV19, its DNA restriction patterns differed from AV19 for 15 of the 18 restriction endonucleases tested (Fig. 1) . For typing clinical isolates of AV, Fife et al. (1985) have compared neutralization and restriction enzyme methods and shown that the latter provided the best results. This method has been used to characterize clinical isolates, variants and intermediate AV strains (Adrian et al., 1985 a; Hammond et al., 1985 ; Kemp & Hierholzer, 1986 , Meng et al., 1986 Niel et al., 1986; Notzel et al., 1985) . Wadell & de Jong (1980) have identified a genome type of AV 19 responsible for outbreaks of keratoconjunctivitis of which the DNA restriction pattern was different from AV19. This genome type, named AV19a for distinction from the prototype AV 19p, has been isolated from many patients with keratoconjunctivitis (Kemp et al., 1983; Meng et al., 1986) . BamHI, BglII and SmaI restriction patterns of strain 208 were clearly different from those published for both AV 19a and AV 19p. The restriction patterns of strain 208 were generally different from all the previously published AV patterns.
The percentage of restriction fragments comigrating during agarose gel electrophoresis has been used to evaluate the relatedness between two AV strains (Adrian et al., 1985 b; Adrian & Heinrich, 1986; Li & Wadell, 1986) . For example, a comparison between 24 AV6 isolates and the AV6 prototype has revealed percentages of comigration between 65 ~ and 100 ~ (Adrian et al., 1985b) . Between two different AV species from subgenus D, have found percentages of comigration between 38 ~o and 79 ~. The percentage of comigrating fragments between AVl9p and strain 208 was 57~o. A similar percentage (60~) was found between strain 208 and Avg. These values corresponded to the mean values expected between two AV species from subgenus D and by restriction analysis, strain 208 was not more related to AV19 than to AV9. It is therefore possible that strain 208 could represent a new AV species serologically related to AVI9.
The positions of cleavage sites recognized by restriction endonucleases have been mapped for several AV species from subgenera A, B, C, E and F. The nucleotide sequence of AV2, subgenus C, has been completely determined Alestrom et al., 1984; Gingeras et al., 1982 : Roberts et al., 1984 and the locations of all the restriction sites are known. In subgenus D, the only representative studied by restriction mapping is AV8 (Takacs et al., 1983) . However, AV8 has been found to occupy a separate position within subgenus D, the number of comigrating fragments ofAV8 DNA and DNA from other subgenus D types being considerably lower than for any other type . In this study, the cleavage sites of seven restriction enzymes, BamHI, ClaI, EcoRI, HindIII, MluI, NdeI and SfiI were determined for the genomes of AV9 and AV19 and for strain 208. The restriction maps presented here might be useful to adenovirologists as a tool for studies of the molecular biology of AVs belonging to subgenus D.
